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Introduction
Moisture availability in desert ecosystems varies greatly in time and space. Moisture is patchily distributed, with the highest concentration and longest duration under shrubs (Steinberger & Loboda 1991) . Desert plants have developed various strategies for exploiting scarce water resources (Evenari et al. 1976) . Two halophyte shrubs, Hammada scoparia [Pomel] Iljin. (Fam. Haloragaceae) and Zygophyllum dumosum Boiss. (Fam. Zygophyllaceae), are typical of the hot, dry Negev Desert (Steinberger & Loboda 1991; Sarig & Steinberger 1994; Liang et al. 2000) . Steinberger and Loboda (1991) reported that root biomass of Z. dumosum had an important effect on root-nematode dynamics in the northern Negev Highland, at the Avdat Research Farm.
Nematodes constitute a numerically important component of soil fauna in desert ecosystems (Freckman & Mankau 1986; Steinberger et al. 1989 ), but an understanding of the response of nematodes to the unpredictability of moisture availability is far from complete and requires study on a generic basis (Liang et al. 2000) . Nematodes occupy an important position in the detritus food web (Ingham et al. 1985; Freckman 1988) , taking a significant part in the decomposition of soil organic matter, mineralization of plant nutrients and nutrient cycling (Griffiths 1994) . This organism group can be used as sensitive indicators of ecosystem change (Bongers 1990) . Combining community analysis with ecosystem function has proved fruitful in the field of soil ecology (Wardle et al. 1995; Coleman & Crossley 1996; Wardle et al. 2000) .
The objectives of this study were to monitor seasonal variation in the soil nematode communities under the canopy of the two shrubs (H. scoparia and Z. dumosum), and to evaluate several ecological indices of the nematode community in the Negev desert ecosystem.
Materials and Methods
The fieldwork in this study was conducted in the northern Negev Highland at the Avdat Research Farm (30°47´ N, 34°46´ E). This area has a temperate desert climate, i.e., mild, rainy winters (5-14°C range in January) and hot, dry summers (18-32°C in June). Radiation may reach 3.14 ×10 4 kJ m -2 d -1 . The average annual rainfall is 90 mm. However, the rainfall fluctuates between 20 and 180 mm. An additional source of moisture comes from ca 35 mm of dew, which falls each night, but most heavily during late summer and autumn. The potential annual evaporation rate is ca 2615 mm (Evenari et al. 1982) . The perennial vegetation is dominated by the desert shrub association, in which the most common species are H. scoparia and Z. dumosum (Steinberger & Loboda 1991; Sarig & Steinberger 1994; Liang et al. 2000) . The soil is a deep, fine-textured loessial sierozem (Dan et al. 1972) .
A total of 264 soil samples from the upper soil layer (0-10 cm) were collected between May 1998 and May 2000 from a total of 22 months (except for July 1998 , May 1999 and February 1999 , under the canopy of four individual plants of each of the two species, H. scoparia and Z. dumosum. The control samples were taken from exposed areas between the plants. Af-Seasonal variation in nematode communities in a desert ecosystem ter sampling, the soil samples were placed in plastic bags, transported to the laboratory in an insulated container, and kept cool (4°C) until processed. Subsamples were taken from each sample for estimation of nematode populations and soil chemistry. Soil moisture was determined gravimetrically by drying samples at 105°C for 48 h and expressed as a percentage of dry weight (Liang et al. 2000) .
Nematodes were extracted from 100 g soil samples using the Baermann funnel procedure (Cairns 1960) , and nematode populations were expressed per 100 g dry mass soil. The organisms recovered were counted and preserved in formalin (Steinberger & Sarig 1993) . A randomly selected sample of the total organisms was identified, mainly to genus level if possible, using an inverted compound microscope. Trophic groups used were: (1) bacterivores (BF); (2) fungivores (FF); (3) plant-parasites (PP); and (4) omnivores-predators (OP) (Steinberger & Loboda 1991; Steinberger & Sarig 1993; Liang et al. 2000) .
The nematode community was analyzed by the following approaches: (1) absolute abundance of individuals 100 g -1 dry soil; (2) trophic structure; (3) WI= (FF+BF)/PP (Wasilewska 1994) ; (4) F/B = FF/BF (Twinn 1974) ; (5) T= 1/∑pi 2 , in which pi is the proportion of the ith trophic group (Heip et al. 1988) ; (6) H´= -∑pi(lnpi), where p is the proportion of individuals in the ith taxon (Shannon & Weaver 1979 ); (7) λ=∑pi 2 (Simpson 1949) ; (8) SR = (S-1)/ln(N), where S is the number of taxa and N is the number of individuals identified (Yeates & King 1997) .
All the data were subjected to statistical analysis of variance (ANOVA). Differences with P< 0.05 were considered statistically significant.
Results

Soil moisture
Significant differences in soil moisture content were observed between seasons (P< 0.01, n = 264), where winter > spring > autumn > summer (Fig. 1) . However, no significant differences were found between treatments (P< 0.05, n = 264) during the study period (Table 1) .
Total number of nematodes
The average total number of nematodes ranged between 25 and 143 individuals 100 g -1 dry soil (Fig. 1) . The total number of nematodes under H. scoparia reached maximum values in spring of 143 ± 91, and those under Z. dumosum reached a peak value in winter of 131 ± 101 (Fig. 1) . The values under Z. dumosum showed a similar trend to that of soil moisture throughout the four seasons. In spring, the mean number of total nematodes was higher under H. scoparia than under Z. dumosum. Overall, a significant difference was observed between seasons (P< 0.01, n = 264), however, no significant differences were found between vegetation types (P< 0.05, n = 264) during the study period (Table 1) .
Nematode taxa
In our samples we found 28 genera belonging to three families and in addition the Rhabditinae family (Table 2) . Acrobeles, Cephalobus, Aphelenchoides and Rhabditinae were the dominant taxa. Their mean relative abundance was 10.4 %, 12.8 %, 12.7 % and 27.4 % of the nematode community, respectively. The relative abundance of Cephalobus was higher under H. scoparia than under Z. dumosum throughout the Fig. 1 . Seasonal variation in soil moisture and total number of nematodes (n = 264) under the canopy of two shrubs and at control (interplant) sites during the study period (May 1998 -May 2000 . Error bars indicate standard deviation of sample replicates four seasons. On the contrary, the relative abundance of Rhabditinae was higher under Z. dumosum than under M. scoparia for the same study period.
Trophic groups
The bacteriovore population under H. scoparia reached maximum values in winter, while those under Z. dumosum reached peak values in spring. These values of bacterivores exhibited a similar trend with those of total nematode number (Figs. 1, 2 ). Significant differences were found between seasons (P< 0.01, n = 264) and treatments (P< 0.05, n = 264) in the bacterivore group (Table 2) . The fungivore population under H. scoparia and Z. dumosum changed slightly during summer and autumn. The maximum value of fungivores under Z. dumosum was found in spring (Fig. 2) . A significant difference was found between seasons (P< 0.01, n = 264), and no significant difference was found between treatments (P< 0.05, n = 264) in the fungivore group (Table 1) .
The plant parasite population between treatments exhibited a similar trend with those of fungivores during three seasons (spring, summer and autumn). Significant differences were found between seasons (P< 0.01, n = 264) and no significant difference was found between treatments (P< 0.05, n = 264) in the plant parasite group (Table 1) .
The omnivore-predator population under H. scoparia and Z. dumosum changed slightly during three seasons (winter, summer and autumn). The maximum value of omnivores-predators under Z. dumosum was found in spring (Fig. 2) . Significant difference was found between seasons (P< 0.01, n = 264) and between treatments (P< 0.05, n = 264) in the omnivore-predator group (Table 1) .
Ecological indices
The ratio of bacterivores and fungivores to plant parasites (WI) under Z. dumosum reached a maximum value in spring, while that under H. scoparia reached a minimum value in summer (Fig. 3) . The values of WI were similar between the two shrubs, and were lower than those under the control soil during three seasons (winter, summer and autumn) (Fig. 3 ). Significant differences were found between seasons (P< 0.01, n = 264), and no significant differences were found between treatments (P< 0.05, n = 264) in the WI values (Table 1) . The ratio of fungivores to bacterivores (F/B) under H. scoparia and Z. dumosum in our study site was found to be less than one (Fig. 3) . The values of F/B under H. scoparia and Z. dumosum fluctuated slightly through three seasons (winter, spring and summer). Significant differences were observed between treatments (P< 0.01, n = 264), and no significant differences were found between seasons (P< 0.05, n = 264) in the F/B values (Table 1) .
Trophic diversity (T) under H. scoparia and Z. dumosum reached maximum values in spring, respectively (Fig. 3) . The values of T under H. scoparia and Z. dumosum exhibited similar trends. Significant differences were observed between seasons Fig. 3 . Variation of ecological indices of soil nematodes under the canopy of two shrubs and control during the study period (May 1998 -May 2000 . Error bars indicate standard deviation of sample replicates (P< 0.01, n = 264), while no significant differences were found between treatments (P< 0.05, n = 264) in the T values (Table 1) .
The Shannon index (H´) (Fig. 3) exhibited similar trends between H. scoparia and Z. dumosum. The values of H´ were higher under Z. dumosum than under H. scoparia in spring. Significant differences were observed between seasons (P< 0.01, n = 264), while no significant differences were found between treatments (P< 0.01, n = 264) in the H´ values (Table 1) .
Genus dominance (λ) under H. scoparia exhibited maximum values in summer, and a minimum value in spring (Fig. 3) . The values of λ under Z. dumosum fluctuated slightly across four seasons (Fig. 3) . Significant difference was observed between seasons (P< 0.05, n = 264) and between treatments (P< 0.05, n = 264) in the λ values (Table 1) . Richness (SR) under H. scoparia and Z. dumosum reached maximum values in spring (Fig. 3) . The values of SR were lower under the two shrubs than under the control soil in spring and summer. Significant differences were observed between seasons (P< 0.01, n = 264), while no significant differences were found between treatments (P< 0.01, n = 264) in the SR values (Table 1) .
Discussion
In this two-year study, seasonal fluctuations in soil moisture significantly influenced the temporal distribution of nematode communities under the canopy of two desert halophyte shrubs. An important feature observed across four seasons was that soil moisture content was higher in autumn than in summer. The reason for this may be due to the input of dew, which is an important moisture source in the Negev Desert (Evenari et al. 1982; Steinberger et al. 1989 ). Significant differences were found between seasons for total number of nematodes and four trophic groups. Significant differences were also observed between treatments for bacterivores and omnivorespredators. There was a significant correlation between the contents of soil moisture and the total number of nematodes, and four trophic groups (P< 0.01, n = 264) during the study period.
The annual mean abundance of total number of nematodes in our experimental site was 74 individuals 100 g -1 dry soil, which was higher than that (48) under the canopy of three shrubs in the same site as reported by Liang et al. (2000) , lower than that (272) under the canopy of Z. dumosum in the same site as observed by Steinberger and Loboda (1991) , and also lower than that (912) in the northern Mojave Desert ecosystem (Freckman & Mankau 1986 ). Bacterivores were the most abundant trophic group and omnivores-predators were the least abundant group in treatments during the study period, averaging 60.6 % and 6.9 % of the nematode community, respectively. The mean relative abundance of omnivores-predators was lower than that found by Freckman and Mankau (1986) in the northern Mojave Desert ecosystem, which is classified as a 'cold desert' compared with the 'hot Negev Desert'. Low proportions of omnivores-predators in the nematode population in the Negev Desert are indicative of a lower stability of the habitat (Liang et al. 2000) .
The mean value of WI in our study is 5.00, which is within the range (0.80-8.70) of values obtained by Wasilewska (1994) for meadow communities. The F/B ratio reflects the structure of the microflora community. Bacteria and fungi are the primary decomposers directly affecting nutrient cycling and nutrient supply to plants (Ingham et al. 1985) . The mean F/B ratio value in this study was 0.47, which was similar to that reported in our study at the same site (Liang et al. 2000) . This means that there is a high population of bacteria in the desert ecosystem, and a bacterial decomposition pathway was dominant (Hendrix et al. 1986 ).
The trophic diversity index (T) describes the diversity of functional groups within the nematode populations. The average T value in our study (T= 2.13) was comparable to the value (2.14) obtained at the same site by Liang et al. (2000) , and lower than the value (2.01) observed by Liang et al. (2000) in the northern Negev at Bira-Sluge.
The Shannon index (H´) gives more weight to rare species, and a higher index indicates greater diversity. The average H´ value in our experimental site was 1.26, which is lower than the value (1.53) obtained by Liang et al. (2000) in the northern Negev at Bira-Sluge. The average λ value in our study was 0.70, which was higher than the value (0.22) obtained by Yeates and King (1997) in the New England Table- lands. The average SR value was 1.07, which was lower than the value (3.03) observed by Yeates and King (1997) in the New England Tablelands.
Our results suggest that the seasonal fluctuations of soil moisture in the Negev Desert significantly influenced the distribution of nematode communities. The ability of nematode communities to respond rapidly to variations in soil moisture partially explains their success in the harsh desert environment (Steinberger et al. 1989) . The values of ecological indices of nematode communities have been shown to be sensitive indicators of seasonal changes in nematode community composition under the canopy of desert halophytes. Among ecological indices tested, F/B and were effective in distinguishing differences in nematode community structure between treatments during the study period.
